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I. INTRODUCTION 



The standard electroweak theory (SM) provides a very satisfactory description of most elementary particle phe- 
nomena up to the presently available energies. However, the SM has many problems: the spectrum of elementary 
fermions, no unifications of the forces, violation of CP and the existence of many parameters. Concerning to the first 
problem, there is no theoretical explanation for the existence of several generations and for the values of the masses. 
It was established at the CERN e + e~ collider LEP that the number of light neutrinos is three ED]. However this result 
does not impede the assumption that further generations coluld exist H . 

Many models, such as composite models grand unified theories ||, technicolor models M, superstring-inspired 
models M , mirror fermions j|] , predict the existence of new particles with masses around of the scale of 1 TeV and 
they consider the possible existence of new generations of fermions. 

In this work, we shall consider the possibility of existence of a new generation of leptons and analyze the production 
of exotic heavy leptons in the large hadron collider LHC (y/s = 14 TeV). We present here another form to produce 
these leptons, namely through the reactions pp — > 77 — > e~e + — > L~ L + (L~ e + , L v), and we show that the production 
of a pair of exotic leptons are competitive with the ones for the single heavy lepton, that is so, due to the vector 
component of the Z-boson coupling to exotic leptons and to the exchange of a photon in the s channel, although the 
phase space is more reduced for pair production than for single heavy lepton production. 

We also study the production of pair of exotic leptons through the Drell-Yan mechanism and we will see that this 
production is dominant over the single heavy lepton production Q . 

The three models that we consider here include new fermionic degrees of freedom, which introduce naturally a 
number of unknown mixing angles and fermionic masses [ ^0[ . These models are: the vector sing let model (VSM) pi, 
vector doublet model (VDM) [|12| and the fermion-mirror-fermion (FMF) model || . 

Exotic leptons mixed with the standard leptons interact through the standard weak vector bosons W + ,W~ and 
Z°, according to the interacting Lagrangians 
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where g l y and gj^ are the corresponding neutral vector-axial coupling constants and Cy and are the charged 
vector-axial coupling constants, which are given in ^^[for each of the three models that we study here. 



In this work we deal only with the lepton sector. In 



difficult task to distinguish the VSM and VDM leptons since they have similar cross sections and angular distributions. 
This is not the case for FMF leptons, whose cross section and angular distribution is different from the other class of 
leptons. In this work we will show that, for the process pp — ► qq — > L~ L + will be possible to distinguish the VSM 
leptons from the VDM and FMF leptons. 

We consider here that all mixing angles have the same value Qi — 0.1, although phenomenological analysis (l6) gives 
an upper bound of sin 2 0i < 0.03. This means that the value of 0i can be scaled up to 0.173. 

The outline of this paper is the following. The luminosities of e~e + for pp colliders are given in Sec. II. In Sec. Ill 
we study the production of a single and a pair of exotic-lepton. We summarize the results in Sec. IV. 



II. LUMINOSITIES FOR HADRONIC COLLISIONS IN THE ELASTIC PROCESS 



We analyze as the case of inelastic scattering as the elastic one. For the elastic scattering, where the protons remain 
intact the calculation gives 




where r = xix 2 . 

Here fg/ 1 {x) is the effective photon approximation for the lepton into the photon and f 1 / p (x) is the equivalent- 
photon distribution for elastic pp scattering and we take [^7| 
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where y and z depend on x, 



12 ax 2 

V = -,z = H 

,y 2 x 2 ' 4 1 - x 



and Ci(i = 1..10) are constants. 

In Fig. 1, we present numerical examples for the differential e~e + luminosities for the case of elastic pp scattering 
at the LHC [y/s = UTeV]. 



III. CROSS SECTION PRODUCTION 



We begin our study with the mechanism of the Drell-Yan production of pair of exotic leptons, that is we study the 
process pp — > qq — > L~ L + . This process take place through the exchange of a boson Z° and 7 in the s channel. 

Using the interaction Lagrangians, Eqs. (1) and (2), we evaluate the cross section for the process qq — > L~ L + 
obtaining: 
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where Pl = \J 1 — 4M 2 / s is the velocity of exotic-fermion in the cm. of the process, Mz is the mass of the Z boson, 
y/s is the center of mass energy of the qq system, t = M 2 — |(1 — (3cos9) and u = M| — |(1 + 0CO80), where 9 is 
the angle between the exotic lepton and the incident quark, in the cm. frame. 

The total cross section for the process pp — > qq — > L~L + is related to the subprocess qq 
<r, through 
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— ^ ) , with s being the center-of mass energy of the pp system and q(x, Q ) is the quark structure 



where r 
function. 

Another form to produce a single or a pair of heavy exotic leptons is via the electron-positron induced process, 
namely through the reaction of the type pp —> 77 — ► e~e + — * L~ L + (L~ e + , L v). 

We first start with the pair production of exotic leptons. We study the subprocess e~e + — > L~L + , provided that 
there is enough available energy (y/s > 2M£). This subprocess take place through the exchange of a photon in the s 
channel, boson Z° in the s and t channel and a boson W in the t channel. Using the interaction Lagrangians of Sec. 
II, the cross section for the subprocess e~e + — * L~ L + , involving a neutral current was already evaluated in |]l3| . 

The production of a single charged heavy exotic lepton can be studied through the neutral current reaction e~e + — > 
L~e + , involving a boson Z in the s and t channel, then using the interactions Lagrangians, Eqs. (1) and (2), we 
obtain: 
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where /3l = i4. A ,y2 /-<} is the velocity of exotic-fermion in the c.m. of the process, Gf is the Fermi coupling constant, Mz 
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is the mass of the Z boson, y/s is the center of mass energy of the e + e~ system, t — M\ - , ,, 

and u — Ml — |(1 H — -p) + (1 cos0, where is the angle between the exotic lepton and the incident electron, 

in the c.m. frame. This cross section for the subprocess e~e + — * L~e + is equal to the one calculated in 14|. 

Now, the production of exotic neutrino can be studied through the analysis of the charged current reaction of 
the type e~e + — > L°v, involving the exchange of a boson in the t channel. Once more, using the interaction 
Lagrangians, Eqs. (1) and (2), we evaluate the cross section for the process e _ e + — > L°v, from which we obtain: 
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where M\y is the mass of the W boson and L° is the neutrino. We note that this cross section for the subprocess 
e~e + — > L a v is equal to the one evaluated in fis}] . 

In other to obtain the total cross section for the production of a pair of heavy exotic leptons (pp — > L~L + (L°L )), 
or a single heavy exotic lepton (pp — ► L^e + (L°v)) 1 we must fold the <r e - e +^x,-L+(L-e+,L i/) with the 7 (/ 7 / p ) and e^ 1 
(/e/7) distributions in the proton: 
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where Or— is the differential luminosity given above and s = ts (s) being the center-of-mass energy squared of the 
subprocess (process). 



IV. RESULTS AND CONCLUSIONS 

The process for the heavy lepton production in hadronic colliders was well studied in the literature ||l9f and was 
shown that the dominant contribution are the well known Drell-Yan process and gluon-gluon fusion pC| , |19| ] . 

We present in Fig. 2 the cross section for the process pp — » qq — > L~L + , involving the three models considered 
here: VSM, VDM and FMF models, for the LHC (14 TeV), using the mechanism of Drell-Yan. In all calculations 
we take sin 2 ,^ = 0.2315, Mz = 91.188 and My/ = 80.33. Considering that the expected integrated luminosity for 
the LHC will be of order of cx 10 5 pb~ 1 jyr and taking the mass of the lepton equal to 200 GeV, we have a total of 
~ 175. 10 2 leptons pairs produced per year, for the VSM, 548. 10 2 and 684.10 2 for the VDM and for the FMF leptons. 
It is seem not a difficult matter to distinguish the VSM leptons from the other two class of leptons. However this is 
not the case between VDM leptons and FMF leptons, because the difference between these two classes of particles 
are only ~ 25%. 
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Fig. 3 shows the angular distribution of heavy lepton of mass equal to 500 GeV at the LHC for the process 
pp — > qq — ► L~ L + . We can observe from this result that this distribution is symmetric for both the VSM and VDM 
and it gives a peaked distribution for cos# ~ — 1 for the FMF model. 

Also, as seen from fig. 2, through the cross sections, it will be possible to distinguish the VSM leptons from the 
other types of leptons. On the other hand, from fig. 3, it will be possible the distinguishion the VDM leptons from the 
FMF leptons through the distribution cross section. This way we will be able to distinguish the three types of leptons, 
the VSM the VDM and the FMF. We then have a well defined signals for the VSM and VDM leptons, remembering 
that for the case e~e + — > L~L + it was not possible to differentiate VSM leptons from VDM leptons [p~3|] . We still 
note here that this production mechanism, via the Drell-Yan, for exotic leptons are larger than the production of 
single exotic leptons || . 

In Fig. 4 we show the cross section for the pair production of exotic leptons pp — > 77 — * e~e + — > L~ L + of mass 
equal to 200 GeV for the VSM, VDM and FMF models at the LHC. We see from these results that we can expect for 
each of these models a total of around ~ 20 heavy leptons pairs produced per year. These productions mechanism 
are not competitive with the Drell-Yan productions. 

Fig. 5 shows the angular distribution of heavy lepton of mass equal to 500 GeV at the LHC for the process 
pp — > 77 — > e~e + — > L~ L + . We can observe from this result that this distribution is fairly equal for the three types 
of leptons: VSM, VDM and FMF. 

Fig. 6 shows the cross section for the process pp — ► 77 — > e~e + — > L~e + , for the LHC. We note that for the case 
of FMF leptons we will have a total of 20 exotic leptons produced per year, while for the other cases, that is, for the 
VSM and VDM models, we will have only 5 exotic leptons produced per year. To obtain these results we have take a 
mass of the exotic lepton equal to 200 GeV, for the three models: VSM, VDM and FMF, respectively. We note here 
that for the case of Drell-Yan production which was evaluated in Q, gives a total of cx 10 4 exotic leptons produced 
per year. 

Fig. 7 shows the angular distribution of heavy lepton of mass equal to 500 GeV at the LHC for the process 
pp — > 77 — > e~e + — > L~e + . We can observe from this result that it gives a peaked distribution at cos 6* ~ +1 for the 
three models: VSM, VDM and FMF. There we expect the L~ to go predominantly in the direction of the original 
proton for all three models. 

Fig. 8 shows the cross section for the production of exotic neutrinos, at the LHC, through the reaction pp — > 77 — > 
er ~e + — > L°v, We observe from these results that we have for the VSM a total of around 17 exotic neutrinos produced 
per year, while for the VDM and FMF models we have a total of 34 and 57, respectively, exotic neutrinos produced 
per year. These results are obtained for a lepton mass equal to 200 GeV. 

Fig. 9 shows the angular distribution of heavy neutrino of mass equal to 500 GeV at the LHC for the process 
pp — ► 77 — > e~e + — * L a v. We can observe from this result that it gives a peaked distribution for cosO ~ +1, for the 
three models: VSM, VDM and FMF, and it is more open for cos 6* — — 1, that is, the L~ go in the oposite direction 
to the one of the original proton. 
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FIGURE CAPTIONS 



Figure 1: Differential e~e + luminosities for the case of elastic pp scattering at the LHC [y/s = 14] TeV. 

Figure 2: Total cross section for the process pp — > qq —* L + L~ as a function of Mi at s = 14 TeV: (a) vector 
singlet model (dotted line); (b) vector doublet model (dashed line); (c) fcrmion mirror fermion (solid line). 

Figure 3: Angular distribution of the exotic lepton of mass equal to 500 GeV at the LHC, for the process 
pp — > qq — > L + L~ for the (a) vector singlet model (dotted line); (b) vector doublet model (dashed line); (c) fermion 
mirror fcrmion (solid line). 

Figure 4: Total cross section for the process pp — > 77 — > e~e+ — ► L~L + as a function of M L at s = 14 TeV: (a) 
vector singlet model (dotted line); (b) vector doublet model (dashed line); (c) fermion mirror fermion (solid line). 

Figure 5: Angular distribution of the exotic lepton of mass equal to 500 GeV at the LHC, for the process 
pp — > 77 — > e~e + — > L~L + for the (a) vector singlet model (dotted line); (b) vector doublet model (dashed line); (c) 
fermion mirror fermion (solid line). 

Figure 6: Total cross section for the process pp — > 77 — > e~e + — > L~e + as a function of Mi at s = 14 TeV: (a) 
vector singlet model (dotted line); (b) vector doublet model (dashed line); (c) fermion mirror fermion (solid line). 

Figure 7: Angular distribution of the exotic lepton of mass equal to 500 GeV at the LHC, for the process 
pp — > 77 — > e~e+ — > £~e+ for the (a) vector singlet model (dotted line); (b) vector doublet model (dashed line); (c) 
fermion mirror fermion (solid line). 

Figure 8: Total cross section for the process pp — * — > e~e+ — > L°i/ as a function of Mi at s = 14 TeV: (a) 
vector singlet model (dotted line); (b) vector doublet model (dashed line); (c) fermion mirror fermion (solid line). 

Figure 9: Angular distribution of the exotic lepton of mass equal to 500 GeV at the LHC, for the process 
pp — > 77 — > e~e+ — > L zv for the (a) vector singlet model (dotted line); (b) vector doublet model (dashed line); (c) 
fcrmion mirror fermion (solid line). 
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Figure 1 
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Figure 3 
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Figure 5 



10* 



o 

O 
o 

^10° 

b 



10-1 



1 1 1 

: A' . C. 


1 1 


rrf pp-\rj / \ 


- 




- 




VSM 




VDM 


III 


FMFM 

i i 


',0 -0.6 -0.2 


0.2 0.6 1. 


cos® 





12 




13 



101 



100 



o 
o 



b / 0-/ 

b 



fO-3 



Figure 7 
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